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Transient Receptor Potential Melastatin 3 Channel
Joris Vriens, Thomas Voets.
Transient receptor potential (TRP) channels are a large family of ion channel
proteins, that are activated and regulated through strikingly diverse mecha-
nisms, making them suitable candidates for cellular sensors.
TRPM3 is based on sequence homology most closely related to TRPM1.
TRPM3 is alternatively spliced; TRPM3a1 and TRPM3a2, which differ only
in the presumed pore region, show significant differences in their channel prop-
erties: TRPM3a1 channels are poorly permeable to divalent cations, whereas
TRPM3a2 channels conduct Ca2þ and Mg2þ (1). TRPM3, in casu TRPM3a2
(1), is most prominent in kidney, brain, pancreatic b cells and pituitary. The
channel exhibits outwardly rectifying currents and is rapidly and reversibly
activated by the steroid hormone pregnenolone sulfate. Pregnenolone sulphate
could augment glucose-induced insulin secretion from pancreatic islets by ac-
tivating TRPM3 (2).
However, the function of TRPM3 is poorly characterized, probably because of
the existence of multiple variants with different properties.
In our research study we identified some new unexpected properties of the
channel.
(1) Oberwinkler J et al. J Biol Chem. 2005 Jun 10;280(23):22540–8.
(2) Wagner TF et al. Nat Cell Biol. 2008;10(12):1383–4.
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Extracellular Ethanol Modulates Thermotrp Channels
Fan Yang, Xu Cao, Yuanyuan Cui, KeWei Wang, Jie Zheng.
Ethanol is a chemical irritant that generates a ‘‘burning’’ sensation; the heat-sen-
sitive TRPV1 ion channel is the receptor of another chemical irritant capsaicin. It
has been shown that the capsaicin response of TRPV1 can be significantly poten-
tiated by ethanol. However, the molecular mechanism of this potentiation
remains largely elusive. To address this question, we employ a combination of
functional, mutational, and site-directed fluorescence approaches.
By patch-clamp recording, we observed that besides TRPV1, ethanol potenti-
ates ligand activation of heat-sensitive TRPV2, TRPV3 and TRPV4, while
the activities of cold-sensitive TRPM8 are negatively modulated. The opposite
effects on heat- and cold-sen-
sitive channels indicate a gen-
eral mechanism for ethanol
action and the possibility that
ethanol interacts with the tem-
perature-activation pathway.
Consistent with this idea,
the take-off temperature of
TRPV1 heat activation is sig-
nificantly lowered (** indi-
cates P < 0.01) from 37.6 5
0.3oC (n = 8) to 24.6 5
0.5oC (n = 7) in the presence
of 3% extracellular ethanol,
as shown in the figure.590-Pos Board B390
The Role of Phosphoinositides in the Desensitization of TRPM8 Currents
Yevgen Yudin, Viktor Lukacs, Tibor Rohacs.
The Transient Receptor Potential Melastatin 8 (TRPM8) ion channel is a major
sensor of environmental cold temperatures and requires the presence of phos-
phatidylinositol 4,5-bisphosphate (PIP2) for activity. In the presence of extra-
cellular Ca2þ TRPM8 currents diminish in response to repeated applications of
menthol and cold. This phenomenon is called desensitization or adaptation. We
and others have shown that Ca2þ influx through TRPM8 activates a Ca2þ sen-
sitive phospholipase C (PLC) isoform, leading to depletion of PIP2. Here we
show that co-expression of any of the three PLCd isoforms but not PLCb or
g accelerated Ca2þ-induced inhibition of TRPM8. Depletion of PIP2 as well
as activation of protein kinase C (PKC) downstream of PLC activation both
have been proposed to underlie Ca2þ dependent desensitization of TRPM8.
Here we show that desensitization is accelerated by omission of MgATP
from the patch pipette in patch-clamp experiments. Furthermore, inclusion of
PIP2, but not its precursor PIP into the patch pipette inhibited menthol-induced
desensitization. To demonstrate that depletion of PIP2, without activation of
PLC, is sufficient to inhibit TRPM8, we showed that TRPM8 activity is in-
hibited by dephosphorylation of PIP2 both by a chemically inducible 5-phos-
phatase and a voltage sensitive 5-phosphatase. To further address the role of
PKC, we tested the effects of two PKC activators and inhibitors on menthol-in-
duced TRPM8 currents. The phorbol ester PMA (100 nM) partially inhibited
menthol-induced currents in the absence and not in the presence of extracellularCa2þ. The cell permeable diacylglycerol analogue 1-oleoyl-2-acetyl-sn-glyc-
erol (100 mM) didn’t have any effect. Also neither Bisindolylmaleimide VII
(1 mM) nor PKC Fragment 19-31 Amide (1 mM) had any effect on current de-
sensitization. Our data support the role of PIP2 depletion, but not that of PKC in
TRPM8 desensitization.
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Endogenous Polyhydroxybutyrate (PHB) Regulates TRPM8 Channel
Eleonora Zakharian, Evgeny Pavlov, Chike Cao, Tibor Rohacs.
The transient receptor potential channel of the melastatin subfamily TRPM8 is
the cold and menthol receptor. Our recent findings indicate that functional
TRPM8 channel exists in a form of supramolecular complex of protein and
two ubiquitous homopolymers inorganic polyphosphate (polyP) and polyhy-
droxybutyrate (PHB). We have demonstrated before that polyP is involved in
regulation of TRPM8 voltage-gating properties and its removal from the com-
plex completely prevented TRPM8 channel activity (Zakharian et al., 2009). In
the current study we focused on the role of PHB in TRPM8 channel. To eval-
uate the role of PHB in the channel function we compared ion transporting
properties of wild type TRPM8 complex with properties of the complex with
enzymatically reduced PHB. Experiments were performed using HEK cells
stably expressing TRPM8 protein and the calcium sensitive dye fura-2 as an
indicator of channel activity. PHB was reduced by co-expression of PHB-
depolymerase (Phaz7, courtesy of Dr. D. Jendrossek). To achieve PHB reduc-
tion, the bacterial Phaz7 DNA was cloned into mammalian expression system
and transiently transfected into HEK cells stably expressing TRPM8 protein.
Reduction of PHB associated with TRPM8 protein was confirmed by confocal
microscopy, using the fluorescent dye Nile Red as an indicator of the level of
PHB and by immunohistochemical analysis using PHB-IgG antibodies. We
found that co-expression of the PHB depolymerase in HEK cells stably ex-
pressing TRPM8 channels significantly inhibited intracellular Ca2þ signals in-
duced by menthol (~60%, n=9, control n=8). This provides the first functional
evidence of the role played by PHB in TRPM8 channel activity. Our findings
suggest that association of PHB with TRPM8 complex is essential for normal
channel function.
Zakharian E, Thyagarajan B, French RJ, Pavlov E, Rohacs T (2009) Inorganic
polyphosphate modulates TRPM8 channels. PLoS ONE 4:e5404.
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PI(3,5)P2 Controls Membrane Trafficking by Direct Activation of
Mucolipin Ca2þ Release Channels in the Endolysosome
Xiang Wang, Xianping Dong, Dongbiao Shen, Taylor Dawson, Xinran Li,
Qi Zhang, Xiping Cheng, Yanling Zhang, Lois S. Weisman, Markus Delling,
Haoxing Xu.
Membrane fusion and fission events in intracellular trafficking are controlled by
both intraluminal Ca2þ release and phosphoinositide (PIP) signaling. However,
the molecular identities of the Ca2þ release channels and the target proteins of
PIPs are elusive. In this paper, by direct patch-clamping of the endolysosomal
membrane, we report that PI(3,5)P2 , an endolysosome-specific PIP, binds and
activates endolysosome-localized mucolipin transient receptor potential
(TRPML) channels with specificity and potency. Both PI(3,5)P2-deficient cells
and cells that lack TRPML1 exhibited enlarged endolysosomes/ vacuoles and
trafficking defects in the late endocytic pathway. We find that the enlarged vac-
uole phenotype observed in PI(3,5)P2-deficient mouse fibroblasts is suppressed
by overexpression of TRPML1. Notably, this PI(3,5)P2-dependent regulation
of TRPML1 is evolutionarily conserved. In budding yeast, hyperosmotic stress
induces Ca2þ release from the vacuole. In this study, we show that this release
requires both PI(3,5)P2 production and a yeast functional TRPML homologue.
We propose that TRPMLs regulate membrane trafficking by transduceing
information regarding PI(3,5)P2 levels into changes in juxtaorganellar Ca
2þ,
thereby triggering membrane fusion / fission events.
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Characterization of Yvc1p-Mediated Calcium Flux in S. Cerevisiae
Samantha Ho, Justin Hofmann, Lise Thomas.
Microbiological life forms have developed multiple ways to maintain homeo-
stasis over a plethora of environmental extremes including osmotic stress. The
budding yeast Saccharomyces cerevisiae sequesters most of its Ca2þ in its cen-
tral vacuole. In response to a hyperosmotic incident, Ca2þ is released into the
cytoplasm through the TRP channel homologue Yvc1p. We are exploring an in
vivo assay of Ca2þ transport through Yvc1p using expressed aequorin to mon-
itor cytoplasmic Ca2þ levels (Denis & Cyert, 2002, J Cell Biol 156: 29). We
have started with an initial characterization of the assay. As salt concentration
in the shock solution increases, the luminescence response saturates near 2 M
NaCl and finally decreases at higher NaCl concentrations. Alkaline pH slows
the kinetics of the luminescence response and decreases its magnitude as
